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IMPROVEMENTS ON THE PERFORMANCES OF 
A PLANETARY PISTON COMPRESSOR 
Feng·Quanke Cui Tiansheng 
Department of Power Machi nary Engineering 
Xi' an Jiaotong University, China 
ABSTRACT 
The operational principle and structural characteristics of a planetary piston compressor are introducted. The mathematic models to describe the operational processes of this type of 
comprcssore are discussed. A prototype is made to conduct the experiments of performance im-provements. The results show that reasonable designs of suction and discharge _ports and proper 
selection of sliding clearances enable the compressor preformances to be improved significantly. 
INTRODUCTION 
As is well known, a reciprocating compressor is complicated in structure, and its damageable pans are more than those in other types of compressor. Generally, the energy loss caused only by the !lowing gas through suction and discharge valves is over 10% of its total power. Recipro-
cating inertial forces and pressure pulsation in the pipeline often result in vibrations of a 
compressor system. These inherent disadvantages restrict the development of reciprocating 
compressors. On the other hand, although rotary compressors, such as screw and scroll, can 
completely avoid the above mentioned disadvantages of reciprocating compressors, their main parts such as screws and scroll disks have to be machined by special precis machine tools. Gener-
ally, these machine tools are quite expensive. 
In recent years, a new type of compressor, which does not need any suction and discharge 
valves, has been developed. Although its pistons reciprocate in the bores, there is not any recipro-
cating inertial force in it.Its structure is quire simple. It has the operating performances of a 
common rotary compressor. Besides, it has the structural characteristics of a reciprocating 
compressor. The shapes of its main component parts, such as housing, cylinder, piston and 
crankshaft, are cylindrical, and these parts can be machined by common machine tools. This type 
of compressor may be called a planetary piston compressor because its pistons move like a planet. 
Up to now, no paper has been reported dealing with the techniqe of a planetary piston 
compressor. Therefore a better interpretation to this type of compressor is given in this paper. 
OPERATIONAL PRINCIPLE AND STRUCTURAL CHARACTERISTICS 
The structure of a planetary pisotn compressor is shown in Fig I. It mainly consists of a 
crankshaft, two pistons, a cylinder and a housing. The canlcshaft has two cranks whose alternate 
angle is 180 degrees. Each crank-pin is fitted with a columinform piston. A crank-pin hole is at the middle of each piston's column surface. Both ends of the piston are insetted into two bores of the cylinder. when crank angle 9 is zero degree, the axis of bore No. I and bore No. 3 is vcnical, 
whereas that of bore No.2 and bore No.4 is horizontal. At this moment, the discharge from bore No.I and the suction in bore No.3 stop. However, the suction and compression processes are go-ing on respectively in bore No.2 and bore No.4. With the rotation of the crankshaft, the pro-
cesses mentioned above go on alternately in the four bores of the cylinder. Thus a working cycle 
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including suction, compression and discharge processes repeats respectively in each bore. If a 
clearance volume exists at 8 = 0 o , a short expansion process will carry on after the end of 
discharge in each bore. Therefor the working cycle consists of expansion, suction, compression 
and discharge processes. 
In this type of compressor rotation of the cylinder is caused by the leverage of two pistons as 
shown in Fig 1. The piston whose axis is vertical drives the cylinder with a maximal torque, and 
the piston whose axis is horizontal drives the cylinder without any torque. In order to reduce the 
frictional resistance between the cylinder and the housing. both ends of the cylinder are sup-
ported by two ball bearings. This, of course, enables the contacting forces between the pistons 
and bores to be reduced too. 
Generally, the cemre.Jines of two pistons in a compressor are within the two planes vertical 
to the axis of the crankshaft. If necessary, they can also be designed in a plane. In this case, the 
cylinder or pistons have to be des1gned into separable structure. Otherwise it would be difficult to 
fit them together. 
MATHEMATICAL MODELS OF DYNAMIC AND 
THERMODYNAMIC BEHAVIOUR 
Relationship between the Crankangle and the Angle of Cylinder's Rotation 
As shown in Fig I, the crankangle IS repr~sented with 8, and the corresponding angle of 
bore's rotation with 1%. Thus the relationship between both the angles can be written as: 
1% =!e (I) 
2 
Bore Volume 
when the crankangle is 8, the displacement of the piston crown relative to the wall of housing is 
x = 2r( 1 -cos~) (2) 
where r is the crank throw. Bore Volume V changes with crankangle 8 as fallows: 
rr , rr '( e) V =- D x =- rD 1 -cos-4 0 2 0 2 (3) 
where D0 is the diameter of the bore. 
Pressure in a Compression chamber 
For a given bore, when its rotation angle ~:t> 180 o but< 360 ° , the compression and 
discharge processes go on in the compression chamber. The pessure m it can be described as the 
function of 8; 
p=p,(-2 -ar (4) 
I- cos2 
or ( 2 r p-p ---
-
1 I- cosa 
(4') 
where p1 is suction pressur~, and n is compression index. Equation (4) can also be used to calcu-
late the position of discharge holes in the housing. 
Lateral Forces of Pistons Acting on the Bores 
According to the dynamic equilibrium conditions, the following equations can be established 
to calculate the lateral forces of the piston acting on the bores. The equation of moments acting 
on the whole cylinder is. 
F,l, -F' 111 1 -F 2 / 2 +F',l', -M=O · (5) 
where F 1, F11, F 2, F' 2are lateral forces of the pistons acting on the cy
linder (as shown in Fig 1). 11, 
)11, 12, 1
1
2 are distances of the acting point of each lateral force 
from the axis of the crank-pin. M 
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- 2rcosa)- F' 1 (/1 1 + 2rcos1X) = 0 (6) · 
- F2 (/ 2 + 2rsint:.) + F' 2 (I' 2 - 2rsint:.) = 0 (7} 
When IX"'0, the axis of bore No.2 and bore No.4 is horizontal. We have F2 "" F'2 =0, and the val-ue ofF 1 can be given as F0 • As the crankangle 8 varies in the range of 0 to 180 degrees, the later-al force F1 can be calculated from the "rollowing expression: 
8 F 1 "'F0 cos2 (8) 
Solving the coupled equations(5) to (8), we can obtain all the lateral forces of the pisrons acting on the cylinder. 
Inertial Forces and their Moments of Pistons 
Although the pistons reciprocate in the rotating bores, there is not any reciprocating inertial force in the compressor. If the mass of two pistons are equal, their centrifugal forces produced in rotation are equal in magnitude, and opposite in direction. However, the moment of the centrifu-gal forces still exists and is 
M =~1 
I 2 ' 
where a is the distance between two pistons, and I, is the centrifugal force of either piston. 
IMPROVEMENTS ON THE PROTOTYPE STRUCTURE AND PERFORMANCES 
Improvement on Discharge Ports 
(9} 
In a planetary piston compressor, the position and the shape of discharge pons on the hous-ing have a significant influence on compressor performances. A larger diameter of bores has to be designed because of the restriction of the size of pistons. If the discharge ports are just located. within the area sweped by the rotating bores, the connecting processes of the I'Orts with the bores become too long (as shown in Fig 2a). Specially in the case of a high compression ratio, the loca-tion angle y of the discharge port is quite small, as shown in Fig 1. Consequently, the bore may connect with the discharge and suction ports simultaneously, and serious leakage of compressed air will take place. On the other hand, a large location angle y of the discharge ports may be se-lected. This would, however, cause "isovolumetric compression"in the compression chamber be-cause the discharge ports will be connected with the bore in advance. In order to avoid the emergence of the problems described above, the discharge ports in the housing have to be located out of the area swept by the rotating bores, and grooves are cut out on the outer surface of the cylinder to connect the compression chambers with the discharge ports (Fig 2b) 
After the above improvements, a new indicating diagram is measured from the prototype. The dotted curve in it indicates the pressure change in the compression chamber before improve-ments. 
Improvement on the Sealing and Frictional Characteristics 
In this type of compressor, the cylinder rotates in the housing at a high speed, and the com-pression heat. of gas and mechanical frictional heat are difficult to transfer out. Therefore, a sys-tem of oil injection is necessary as in other rotary compressors. The centrifugation of the cylinder causes a Jot of lubricating oil to throw away form the bores to the clearance between the cylinder and the housing, thus leading to a significant increase in frictional resistance. On the other hand, high pressure in the discharge area !lUshes the cylinder towards the suction area and makes the clearance between the cylinder and the housing in the discharge area increase, so that the leakage 
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along this clearance increases remarkably. 
Considering the problems stated above, we carry out a new design in whic
h the rotation axis 
of the cylinder is properly deviated from the axis of the housing. As a re
sult, the clearance be-
tween the cylinder and the housing in discharge area remains smaller ev
en under the action of 
discharge pressure, and less leakage is expected in this area. Though the c
learance in the suction 
area increases, the leAkage in this area is expected to be quite small becau
se of a smaller sealing 
differential. The crankshaft, of coures, is removed by a corresponding dis
tance to keep its exact 
geometric position relative to the axis of the cylinder. 
Table I shows the results of performance tests of the prototype before a
nd after improve-
ments. It is obvious that the displacement of the prototype increases and 
its power consumption 
decreases after improvements. 
CONCLUSION 
The following conclusions can be drawn from the above basic and experim
ental investigations: 
I. The major characteristics of a planetary piston compressor are simple in structure, conve-
nient in manufacture and excellent in dynamic equilibrium. it has the struc
tural characteristics of 
a reciprocating compressor and the operating performances of a rotary com
pressor. 
2. Reasonable design of suct1on and discharge pons and proper control o
f the sliding clear-
ances enable the perfomances of the compressor to improve remarkably. 
3. Because of the leverage of the pistons in this type of compressor, the pi
stons exert signifi-
cant lateral forces on each bores. The maxium contacting pressure betw
een the piston and the 
bore takes place at the postion of crankangle being 180 degrees. However, thi
s pressure can be 
reduced to a great extent through reduction of the frictional forces betwee
n the cylinder and the 
housing, and appropriate selections of the rna in structural parameters suc
h as crank throw, bore 
diameter and the outer diameter of the cylinder. 
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Fig I. Simplified model of a planetary piston compressor 
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Fig 2. Influence of the discharge ports on connetcting process 
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Fig 3. Indicating diagrams of the prototype before and after improvements 
f---------------;-1- A. 'I B' 
suction pressure (MPa) I 0, I 0.1 
~---------------~----- --~-d-·i_sc_h_a_r_gc_p_r_c~ss_u_rc=-(M __ P_a~)--+-l ____ o_.s __ ---+-____ o_.s ____ _ 
powcrinput ( KW ) I 0 842 I 0 94 
-
~(=338) 0_.!08(~8.70) displacement m 1 1 min _I 0.114 · 
Table I. comparison of the measured results of power input and displacement 
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